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Serum prolactin levels are elevated also after pseudo- 
epileptic seizures* 
JE~RGEN ALVING 
Department of Clinical Neurophysiology, Dianalund Epilepsy Hospital, Kolonivej I, DK-4293 Dianalund, 
Denmark 
The aim of the study was to evaluate the sensitivity, specificity and the predictive values of repeated serum prolactin 
measurements in relation to epileptic seizures versus pseudoseizures. The method used was prospective measuring of serum 
prolactin from blood samples drawn (1) 15 min after seizure and (2) 2 hr after the first sample. Two parameters were used: 
the absolute maximal evel; and the relative rise in blood level. In the study 38 had epilepsy (simple or complex partial 
seizures with or without secondary generalisation); and 20 had pseudo-epileptic seizures. In all cases, the diagnoses were 
made independent of the prolactin levels. In 30/38 (79%) of epilepsy patients and 17/20 (85%) of pseudoseizure patients, the 
diagnoses were corroborated by intensive EEG monitoring (video or cassette telemetry). There was a statistically significant 
rise in prolactin levels in both groups (p < 0.0001 and <0.02, respectively), and also a significant difference between the 
two groups. However, repeated measurements in a number of patients (epilepsy: mean 1.5 measurements; pseudo; mean 2.1) 
showed also considerable intra-patient variations. The sensitivity for the maximal rise in pseudoseizures (5.5x) was only 
20% and the negative predictive value 40%. For the cut-off in absolute level (1025 #U/ml), the corresponding fi ures were 
34% and 44%, respectively. The rather limited discriminative power of prolactin measurements makes it of questionable 
value in discerning between epileptic and pseudo-epileptic seizures. 
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INTRODUCTION 
Since the first description of a differential serum pro- 
lactin (prl) response in epileptic and so-called hys- 
terical seizures ~ , several studies have reported that a 
postictal prl increase is not seen in other paroxys- 
mal neurological disorders which might be confused 
with epilepsy, most importantly pseudo-epileptic 
seizures 2-5. However, a recent study 6, has shown a 
postictal prl increase in orthostatic irculatory syn- 
cope. In the patient population presented here, paired 
serum prl measurements were used for diagnostic pur- 
poses in a routine clinical setting; the aim of the 
study was to evaluate the discriminative power of prl 
measurements in the differential diagnosis between 
epileptic (ES) and pseudo-epileptic seizures (PES); 
the latter are called pseudoseizures for convenience. 
MATERIALS AND METHODS 
Prl levels were measured on two occasions: postictal 
(15 min after a seizure); and baseline (2 hr after the 
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first sample). Prl levels were measured by a mag- 
netic immuno-assay technique (Serono Diagnostics, 
Massachusetts, USA). Prl levels are given in/zU/ml. 
The positive criteria for ES were: either a twofold 
or greater elative increase (RI) 2"7-9, or an absolute 
postictal level of at least 700 /zU/ml 5. To validate 
the procedure and to adjust the measurements to the 
reference values of our laboratory, a number of prl 
measurements were done in a number of patients in 
which the seizures, evaluated by independent data, 
were unquestionably epileptic or pseudo-epileptic. 
During a 2 year period (1993-95), a total of 91 
patients were studied. Thirty-three were excluded 
for various reasons (uncertain diagnosis; insufficient 
seizure description; uncertainty about time elapsed 
from previous seizure to index seizure; neuroleptic 
drugs; pregnancy), leaving 58 patients for evaluation 
(38 with ES and 20 with PES). 
Table 1 give the distribution between epileptic 
seizure types (ILAE 1981 classification), as well as 
the demographic variables. There were no significant 
differences as regards age or gender between the ES 
and PES group. 
All patients were evaluated uring admission by 
clinical observation, combined with recording of 
seizure frequency and severity in relation to alter- 
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Table 1: Distribution of patients with regard to age, gender 
and diagnostic groups. 
ES PES 
Age 
Median 28 28 
Range 14-68 13-51 
Female/male 28/10 18/2 
Seizures a 38 
Simple partial 4 
Complex partial (temporal) 14 
(frontal) 6 
Generalised (primary) 5 
(secondary) 11 
Pseudoseizures b 20 
NS 
NS 
(NS = no significant difference; binomial test) (ES = epileptic 
seizures, PES = pseudoseizures) 
a Two patients had partial seizures without and with secondary 
generalisation; therefore the number of seizure types outnum- 
bers the patients. 
b All but two of these had been or were in AED treatment 
when studied. For clinical features, the reader is referred to 
table 2B. 
ations in antiepileptic drug (AED) treatment. In ad- 
dition, seizures were studied by intensive monitoring 
(video and/or ambulatory cassette EEG) in 30 (79%) 
of ES and in 17 (85%) of PES patients. In all included 
cases, diagnostic evaluation was done independently 
of prl data. 
As mentioned above, all prl samples were drawn 
15 min after a seizure and repeated 2 hr later, en- 
suring that baseline was achieved 2. If another seizure 
occurred before the baseline sample was drawn, only 
the first was used in the evaluation. As far as pos- 
sible, only data from the first seizure during a 12 hr 
period were evaluated. 
Postictal (15 min) and baseline (+ 2 hr) prl levels 
were compared; the differences were evaluated using 
Wilcoxon's rank sum test for paired data, and a p 
level <0.05 was considered significant. When pos- 
sible, the relative increase (RI = postictal/baseline 
prl level) was calculated. To calculate the sensitivity, 
specificity, positive and negative predictive values, 
the following cut-off figures were used: 
(1) highest level obtained in the PES group, whether 
postictal or baseline (in order to take spontaneous 
prl fluctuations into account); 
(2) relative increase (RI) greater than twofold, 
(3) highest RI seen in PES. 
In three patients with epilepsy, and in one with 
PES, only the postictal sample could be evaluated be- 
cause intervening seizures occurred before the base- 
line sample was taken. These were excluded from the 
paired analysis, but included in the evaluation of the 
significance of the postictal prl level. In two epilepsy 
patients, paired sets of prl levels were obtained both 
from partial seizures with and without secondary gen- 
eralisation. 
RESULTS 
Table 2 gives the maximal postictal and baseline prl 
levels as well as the mean and maximal RIs ob- 
served in different types of ES and PES. In ES, the 
most marked reactions (both postictal evel and RI) 
were seen in temporal obe complex partial seizures 
and in tonic-clonic seizures. In PES, no clear dif- 
ferences were seen 
in particular, there 
tients in which the 
seizures. 
As seen in Table 
between the sub-divisions and, 
was no increase in the two pa- 
seizures resembled tonic-clonic 
3A, epileptic seizures generally 
resulted in a highly significant postictal elevation of 
prl when compared with the baseline. However, after 
PES, the difference between postictal and baseline prl 
levels also reached statistical significance, although 
less pronounced. As regards the postictal evels (me- 
dian and 95% confidence limits), there was a signif- 
icant group difference, ES giving rise to the highest 
levels. 
As regards the Rls, there was a considerable over- 
lap between the ES and PES groups (Table 3B), and 
five PES patients had postictal evels within the 95% 
CL for the ES group. In two girls with PES, postictal 
prl level exceeded the normal 'pulses' mentioned by 
Bauer et al. (1992) 5. 
One (18 years old) had classical 'swoons' with- 
out motor features, and one postictal prl level of 893 
(RI = 3.4), but this finding was not reproducible 
in the next six prl sets; ambulatory EEG during her 
seizures was normal, and an attempt o treat her with 
antiepileptic drugs was unsuccessful. 
The other (13 years old) had spells with impair- 
ment of consciousness alone, but she was in a state 
of heavy emotional and motor agitation when the prl 
samples showing high levels (753 and 1025 /zU/l) 
were drawn, and the highest of these was the baseline 
level. She also had the highest RI (757/138 = 5.5) 
for the PES group, and this finding resulted in pro- 
longation of her hospital stay in order to obtain a 
second prl set; in that, the RI was 0.06 (61/1,025). 
Ambulatory cassette EEG during clinically obvious 
non-epileptic seizures was normal; on follow-up af- 
ter discharge, she was seizure-free without drugs. 
More than one set was obtained from nine ES and 
12 PES patients. In both groups, considerable within- 
patient variations were seen (Table 3B); because of 
the small number of patients, no statistical compari- 
son was made. 
From Tables 4-6, it is seen that the sensitivity and 
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Table 2: Maximal prl levels and relative increase (RI = postictal/baseline) observed in patients with epileptic seizures (ES) and 
pseudoepileptic seizures (PES). All the values (both ES and PES) are based on the total number of prl determinations, not 
patients. In some patients, more than one set of prl determinations were obtained (see Table 3B). " 
Table 2A: Epileptic seizure types Maximal RI 
Postictal Baseline Mean Range 
No. of patients 
Simple partial seizures (4) 575 342 1.4 0.8-2.1 
Complex partial seizures temporal (14) 3008 732 3.9 0.7-11.5 
Complex partial seizures frontal (6) 1826 625 1.3 0.5-2.4 
Generalised tonic-clonic seizures (whether primary or secondary) (16) 3163 559 4.2 2.0--9.2 
Table 2B: Pseudo epileptic (PES). 
Main clinical features (No. of patients) a 
Impairment of consciousness (3) 757 1025 1.8 0.06-5.5 
Fainting ('swoon') (3) 893 470 1.2 0.7-3.4 
Emotional symptoms (1) 625 304 1.7 1.2-2. I
Trembling in limbs/body (gradual start and end) 485 457 1.3 0.7-2.9 
Motor symptoms resembling automatisms (4) 511 243 1.6 1.1-3.0 
Motor symptoms resembling GTCS (abrupt start and end) (2) 428 389 1.0 0.3-1.4 
a This sub-division of pseudoseizures was based upon the main clinical features; very often, symptoms were mixed. There were no 
differences between the groups as regards maximal prl level or RI. The patient with both the highest prl level and RI, had PES with 
impairment of consciousness (staring). 
Table 3: Comparison between maximal PRL levels and relative increase in epilepsy and pseudoseizures. 
Table 3A: Prl levels ES PES 
Max. postictal level 3163 757 
Max. baseline level 732 1025 
Median prl level and 95% CL 
Postictal 591 (467-818) 265 (226-301) 
Baseline 284 (238-374) 223 (I 94-281 )
Difference between postictal and baseline prl level a t = 43.3(p << 0.001)(d.f. = 51) t = 2.47(p < 0.01)(d.f. = 42) 
a Based on total number of determinations. All prolactin levels are given in/zU/ml. 
Table 3B: RI b 
Relative increase (RI): mean (range) 2.2x(0.5-11.5) 01.3x(0.06-5.5) 
Number of paired prl determinations per patient: mean (range) 1.4 (1-4) 2.2 (1-7) 
Ratio between lowest and highest RI (L/H): median (range) 0.64 (0.17-0.92) 0:53 (0.01-1.00) 
b This table demonstrates the variability of relative increase (RI) in prl levels among the two diagnostic groups, ldH expresses the 
within-patient variability in RI; in brackets, the between-patient variation for L/H is given. 
the negative predictive value for the previously men- 
tioned cut-off values were not impressive. 
The sensitivity and the negative predictive value 
were highest for RI  > 2, and higher than the cor- 
responding values for maximal absolute prl level 
> 1025/zU/ml. The discrimination values were higher 
for the complex partial seizures and especially for 
generalised tonic-clonic seizures (GTCS); but even in 
this group, the positive predictive value of a RI  > 2 
was not higher than 74%. There was no cut-off value 
(neither absolute postictal level nor RI) which could, 
with certainty, discriminate between ES and PES. 
DISCUSSION 
This is the first study which shows a statistically sig- 
nificant postictal elevation in serum prl level follow- 
ing pseudoseizures (PES) in a group of patients. 
We have used the criteria for prl response in 
epilepsy usually cited in the literature, i.e. an RI  
of two- to threefold when comparing prl" level 15- 
30 min after seizure with either a baseline or 1-2 
hr post-seizure l vels 2'9-12. In one study 5, only the 
postictal peak levels were evaluated. Most previous 
studies have shown little or no prl response after PES; 
however, sporadic reports of postictal prl elevations 
in PES have emerged. In the initial study by Trimble I , 
one of six patients with 'hysterical' seizures (resem- 
bling GTCS) had an RI of 3.4; the whole PES group 
had a mean RI  of 1.4 (range 0.8-3.4), whereas the 
nine patients with ES (GTCS) had a mean RI  of 4.9 
(range 1.8-12), showing quite an overlap between 
these two small groups. But in none of these PES 
patients did the postictal prl level reach that seen 
in GTCS--in contrast o the present study in which 
26/45 (58%) of the postictal prl levels in PES patients 
exceeded the corresponding ones in the ES group. 
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Table 4: Overall discrimination between epileptic and 
pseudoseizures 
Cut-off values 
max. >1025 RI > 5.5 RI > 2 
Sensitivity 34% 20% 69% 
Specificity 100% 100% 74% 
Positive predictive value 100% 100% 82% 
Negative predictive value 44% 40% 56% 
Table 5: Discrimination between complex partial seizures and 
pseudoseizures 
Cut-off values 
max. >1025 RI > 5.5 RI > 2 
Sensitivity 35% 28% 61% 
Specificity 100% 100% 74% 
Positive predictive value 100% 100% 69% 
Negative predictive value 65% 59% 67% 
Table 6: Discrimination between generalised tonic-clonic 
seizures and pseudoseizures 
Cut-off values 
max. >1025 RI > 5.5x RI > 2x 
Sensitivity 38% 20% 93% 
Specificity 100% 100% 74% 
Positive predictive value 100% 100% 74% 
Negative predictive value 67% 61% 93% 
In the study by Laxer et al. 3, one out of 21 PES pa- 
tients (with seizures resembling GTCS) showed about 
a seven-fold increase in RI  (estimated from their 
Fig. 3), with the postictal evel reaching into the cor- 
responding levels of epilepsy patients. Boas et al. 13 
also observed one PES with a postictal RI  of prl, but 
only about twofold. 
Finally, Ehsan et al. 9 noted 2/14 (14.3%) PES pa- 
tients with a prl RI  > 2 (their pre-selected cut-off; 
one seizure was registered per patient). This study is 
the first in the literature to note the problem of false 
positive prl reactions in PES. In the present study, 
9/44 (20.4%) pseudoseizures had an RI  > 2. 
Several authors have noted the importance of stress 
factors in prl response 2'3.14, 15. Stressful physical dis- 
ease does not seem to elevate pr115, although some 
exceptions are described 13, nor do simulated GTCS 14. 
As mentioned above, slight and insignificant prl ele- 
vations in PES have been observed earlier ~,3, 13 
Prl secretion is regulated by many physiological 
and pathological variables, and it is well known that 
it is secreted in 'pulses', which are most prominent 
during sleep 5' 16. Some patients had seizures during 
night time, but not always out of sleep. However, in 
some patients, the baseline sample was drawn during 
sleep. Therefore, data were re-analysed, excluding all 
nocturnal events. This did not alter the results ex- 
cept from a slight drop in significance level for the 
PES group (from p < 0.01 to p < 0.02). Malkow- 
icz et al. 1° found reduced prl reactions to repetitive 
seizures, but this finding could not be reproduced by 
J. Alving 
Bauer et al. 17. In order to avoid this potential pit- 
fall, we have excluded seizures less than about 12 hr 
apart. 
The considerable inter-individual variation in R1 
(in PES as well as ES patients) was not systemat- 
ically studied, but the figures in Table 2A indicate 
that single RI  values should be interpreted with cau- 
tion. 
Intra-individual variabilities in RI  were reason- 
ably comparable between the two groups. If epileptic 
seizures (as could be expected) gave rise to a stereo- 
typed and reproducible prl release, the ratio between 
lowest and highest RI  should be close to 1. Here, it 
is noteworthy that in most previous prl studies, only 
one set of determinations per patient have been done. 
Whether the above-mentioned findings of exceed- 
ingly high prl levels in some PES patients may be 
due to non-specific stress or to unusually high normal 
pulses remains unclear. The chance of 'hitting' such a 
pulse at the time for the postictal blood sample is not 
possible to estimate without individual 24-hr prl pro- 
files, a procedure too cumbersome for practical use. 
The group of PES patients studied here is the sec- 
ond largest reported until now, and this fact may have 
reduced the risk of a type 2 error compared with pre- 
vious studies. 
Not all our patients underwent intensive EEG mon- 
itoring; however, all patients were observed by ex- 
perienced nursing staff during admissions, frequently 
prolonged, and were followed in our out-patient clinic 
after discharge. For all patients, we had a thorough 
longitudinal knowledge, which served as a supple- 
mentary check as to reliability of the diagnoses. 
In this study, pseudoseizures were defined as: 
non-epileptic, non-physiological seizure events with 
strong bearings on psycho-social maladjustment con- 
flicts; no ictal EEG paroxysmal events; and regarded 
and treated as epilepsy before admission 18. A few of 
the PES patients included in this study had not been 
treated with antiepileptic drugs, but these were in- 
cluded because of a clinical suspicion, and because 
the aim of the study was a diagnostic and not a ther- 
apeutic evaluation. 
In accordance with the findings of Meierkord et 
al. 7, but contrary to others 19, temporal lobe complex 
partial seizures had more frequent and pronounced prl 
Rls  than extratemporal; as the number of patients in 
the sub-groups is small, and intracranial EEG moni- 
toring was not used, further analysis of these between- 
group differences was not done. 
The sensitivity and specificity indices demonstrate 
that much more reliance can be put upon positive 
than negative prl responses, but this applies mostly to 
GTCS and temporal obe CPS, where clinical prob- 
lems of differential diagnosis against PES are less 
pronounced. 
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CONCLUSION 
In differentiating between epileptic and pseudo- 
seizures, the discriminative power for serial pro- 
lactin measurements is modest. Large intra- and inter- 
patient variations are seen, and pseudoseizures may 
also result in statistically significant prl rections-- 
although the prl response, by group comparison, is 
most marked in epilepsy (primarily in complex partial 
and generalised tonic-clonic seizures). For practical 
purposes, prl cannot be used as a short-cut to diagno- 
sis; the prl responses to non-specific stressors together 
with the capricious pontaneous fluctuations probably 
form the largest problems in this context. These lim- 
itations in usefulness make prl estimations of ques- 
tionable value in differentiating between epileptic and 
pseudoseizures a  well as syncope--two major diag- 
nostic problem areas in clinical neurology. As a con- 
sequence hereof, prl estimations are no longer used 
as a supplementary diagnostic tool in this hospital. 
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